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1
IMAGE PICKUP APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

The present imnvention contains subject matter related to
Japanese Patent Application JP 2007-184211 filed in the
Japanese Patent Office on Jul. 13, 2007, the entire contents of
which are imcorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image pickup apparatus
using a microlens array.

2. Description of the Related Art

Various image pickup apparatuses have been proposed and
developed 1n the past. Moreover, an image pickup apparatus
performing predetermined 1mage processing on 1mage
pickup data obtained by picking up an 1mage to output the
image pickup data has been proposed.

For example, in International Patent Publication No.
06/039486 and Ren.Ng, et al. “Light Field Photography with
a Hand-Held Plenoptic Camera”, Stanford Tech Report
CTSR 2003-02, an image pickup apparatus using a technique
called “Light Field Photography™ 1s proposed. The image
pickup apparatus includes an 1image pickup lens, a microlens
array, an 1mage pickup device and an image processing sec-
tion, and an aperture stop including a single aperture 1n its
central part 1s included 1n the image pickup lens. By such a
configuration, image pickup data obtained by the image
pickup device include the intensity distribution of light on a
light-sensing plane as well as information about the traveling
direction of the light. Then, the 1image processing section 1s
capable of reproducing an 1mage viewed from an arbitrary
viewpoint or an arbitrary direction (hereinatter, simply
referred to as a field of view).

SUMMARY OF THE INVENTION

In the above-described microlens array, a plurality of
microlenses are arranged, and a plurality of pixels of the
image pickup device are associated with each microlens. In
the case where the above-described technique 1s used, the
number ol pixels 1n a reproduced image 1s equal to the number
of microlenses in the microlens array. It 1s because informa-
tion about the two-dimensional coordinates of the reproduced
image 1s determined by the coordinates of the microlens
array. Therefore, the number of pixels 1n the two-dimensional
coordinates of the reproduced 1mage 1s equal to the number
determined by dividing the total number of pixels of the
image pickup device by the number of pixels associated with
cach microlens. On the other hand, the number of pixels
associated with each microlens 1s equal to the resolution of
the angular information of a light ray and determines the
resolution 1 an arbitrary field of view of the reproduced
image, that 1s, 1t determines the number of viewpoints or
directions from which an image 1s reproduced. Therelore,
there 1s a trade-oil relationship between the resolution 1n an
arbitrary field ol view and the number of pixels 1n two-dimen-
sional coordinates.

Therefore, 1n the case where the total number of pixels of
the image pickup device 1s fixed, when the number of micro-
lenses 1s increased, the number of pixels associated with each
microlens in the image pickup device 1s reduced, and thereby
it becomes possible to increase the number of pixels 1n the
two-dimensional coordinates of the reproduced image.
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However, in the case where the number of pixels associated
with each microlens 1s reduced, the resolution 1n the traveling
direction of a light ray recerved by each pixel 1s reduced, and
thereby 1t 1s difficult to obtain information about a light ray in
a desired traveling direction. Therefore, when the reproduced
image 1s formed by image processing, the image quality of the
reproduced image declines.

In view of the foregoing, 1t 1s desirable to provide an 1mage
pickup apparatus which obtains 1mage pickup data and 1s
capable of increasing the number of pixels without a decline
in the 1mage quality of a reproduced image when forming the
reproduced 1image by 1mage processing.

According to an embodiment of the invention, there is
provided an 1mage pickup apparatus including: an image
pickup lens section 1including an aperture stop, the aperture
stop including a plurality of aperture sections; an image
pickup device obtaining 1mage pickup data on the basis of
light received; and a microlens array section being arranged
on the focal plane of the image pickup lens section between
the 1mage pickup lens and the 1mage pickup device, and
including one microlens for a plurality of pixels of the image
pickup device.

In the 1mage pickup apparatus according to the embodi-
ment of the imvention, an 1mage of an object to be picked up
by the image pickup lens section 1s formed on the microlens
array section. Then, a light ray entering into the microlens
array section reaches the image pickup device, and 1s recerved
by a plurality of pixels corresponding to each microlens, and
thereby 1image pickup data including information about the
traveling direction of light 1s obtained. In this case, the aper-
ture stop of the above-described 1mage pickup lens section
includes a plurality of aperture sections, thereby a luminous
flux 1s narrowed by each aperture section, and 1n the 1image
pickup device, light 1s received 1n a pixel region correspond-
ing to each aperture section. Therefore, even in the case where
the number of microlenses increased to reduce the number of
pixels of the image pickup device associated with each micro-
lens, a luminous flux 1s narrowed by the aperture section 1n
one pixel, and only a light ray of which the traveling direction
1s limited passes through the aperture section, so compared to
a related art 1n which a single aperture section 1s arranged 1n
an aperture stop of an 1mage pickup lens, information about a
light ray 1n a desired traveling direction 1s obtained easily.

In the 1image pickup apparatus according to the embodi-
ment of the mvention, the aperture stop of the image pickup
lens 1includes a plurality of aperture sections, so even 1n the
case where the number of microlenses increases to reduce the
number of pixels associated with each microlens, 1n the image
pickup device, a luminous flux 1s narrowed by each aperture
section to be received, so 1n a light-sensing region in one
pixel, information about a light ray 1in a desired traveling
direction 1s obtained easily. Therefore, when 1mage process-
ing 1s performed to obtain a reproduced image, 1t becomes
possible to mncrease the number of pixels 1n the reproduced
image without a decline 1n 1image quality.

Other and further objects, features and advantages of the

invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s an illustration showing the whole configuration of
an 1mage pickup apparatus according to a first embodiment of
the invention;

FIG. 2 1s a schematic plan view showing an aperture stop

shown 1n FIG. 1;
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FIGS. 3A and 3B are schematic plan views showing a
microlens array;

FI1G. 4 1s an illustration for describing information about a
light ray entering into an 1image pickup device;

FI1G. 5 1s an 1llustration showing the whole configurationof 5

an 1mage pickup apparatus 1n a related art as a comparative
example;

FIG. 6 1s an 1llustration showing a light-sensing region on
an 1mage pickup device 1n the case where the image pickup
apparatus shown 1n FIG. 5 1s used;

FIG. 7 1s an 1image actually obtained by the 1mage pickup
apparatus shown in FIG. §;

FIG. 8 1s an illustration showing a light-sensing region in
the comparative example;

FIGS. 9A and 9B areillustrations showing a pixel extracted
from the light-sensing region shown 1n FIG. 8;

FI1G. 10 1s an 1llustration showing a light-sensing region on
an 1mage pickup device according to an embodiment of the
invention;

FI1G. 11 1s an illustration showing a pixel extracted from the
light-sensing region shown 1n FI1G. 10;

FIGS. 12A and 12B are illustrations showing an applica-
tion example of the image pickup apparatus shown 1n FIG. 1;

FIGS. 13A and 13B are illustrations showing the configu-
ration of a color filter according to a modification 1;

FIG. 14 1s an 1llustration showing the configuration of an
aperture stop according to a modification 2;

FIG. 15 1s an 1llustration showing the configuration of an
aperture stop according to a modification 3;

FI1G. 16 1s an 1llustration showing a light-sensing region on
an 1mage pickup device in the case where the aperture stop
shown 1n FIG. 15 1s used; and

FIGS. 17A and 17B are illustrations showing the configu-
ration of a color filter in the case where the aperture stop
shown 1n FIG. 135 1s used.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment will be described in detail below
referring to the accompanying drawings.

FIG. 1 shows the whole configuration of an 1mage pickup
apparatus (an 1mage pickup apparatus 1) according to a first
embodiment of the invention. The image pickup apparatus 1
picks up an 1mage of an object 2 to output image pickup data
Dout, and includes an aperture stop 10, an 1mage pickup lens
11, amicrolens array 12, an image pickup device 13, an image
processing section 14, an image pickup device driving section
15 and a control section 16 in order from a side closer to the
object 2.

The aperture stop 10 15 an optical aperture stop of the image
pickup lens 11. The specific configuration of the aperture stop
10 will be described later.

The image pickup lens 11 1s a main lens for picking up an
image of an object, and includes, for example, a typical image
pickup lens used 1n a video camera, a still camera or the like.

In the microlens array 12, a plurality of microlenses, which
will be described later, are arranged, and the microlens array
12 1s arranged on the focal plane of the image pickup lens 11
(a reference numeral 11 1n the drawing indicates the focal
length of the image pickup lens 11). The specific configura-
tion of the microlens array 12 will be described later.

The image pickup device 13 recerves light from the micro-
lens array 12 to obtain image pickup data, and 1s arranged on
the focal plane of the microlens array 12 (a reference numeral
12 1n the drawing indicates the focal length of the microlens
array 12). The image pickup device 13 includes a two-dimen-
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4

sional 1mage pickup device, such as a plurality of CCDs
(Charge Coupled Devices) or a plurality of CMOSs (Comple-
mentary Metal-Oxide Semiconductors), arranged 1n a matrix
form, or the like.

On a light-sensing plane (a plane closer to the microlens
array 12) of such an image pickup device 13, a MxN (M and
N each are an integer) number of 1image pickup pixels (pixels
P) are arranged 1in a matrix form, and a plurality of pixels P are
associated with one microlens 1n the microlens array 12. The
number of pixels P on the light-sensing plane 1s, for example,
MxN=3720x2520=9374400. The number (mxn) of pixels
associated with each microlens 1s related to the resolution 1n
an arbitrary field of view of a reproduced 1mage, so the reso-
lution 1n the arbitrary field of view of the reproduced image
increases with an increase in the values of m and n. On the
other hand, the values of (M/m) and (N/n) are related to the
number of pixels (the resolution) in the reproduced 1image, so
the number of pixels 1n the reproduced 1image increases with
an increase in the values of (M/m) and (N/n). Therefore, there
1s a trade-off relationship between the resolution 1n the arbi-
trary field of view of the reproduced image and the number of
pixels.

The 1image processing section 14 performs predetermined
image processing on the image pickup data obtained by the
image pickup device 13, and outputs the image pickup data as
image pickup data Dout. More specifically, for example,
arithmetic processing using a technique called “Light Field
Photography™ 1s performed, and thereby 1t becomes possible
to reproduce an 1mage 1n an arbitrary field of view.

The 1mage pickup device driving section 15 drives the
image pickup device 13 and controls the light-sensing opera-
tion of the image pickup device 13.

The control section 16 controls the operations of the image
processing section 14 and the image pickup device driving
section 13, and includes, for example, a microcomputer or the
like.

Next, referring to FI1G. 2, the specific configuration of the
aperture stop 10 will be described below. FIG. 2 shows a
schematic plan view of the aperture stop 10.

The aperture stop 10 has, for example, a circular shape, and
includes four aperture sections 10A. The aperture sections
10A are arranged, for example, along the circumierence of
the aperture stop 10 (1n a region on a circumierence side) so as
to be rotation-symmetrical with respect to each other about
the center point of the aperture stop 10. The shapes of the
aperture sections 10A are not specifically limited; however,
the sizes of the aperture sections 10A are preferably small.
This 1s because the smaller the size 1s, the more easily the
traveling direction of a light ray 1s extracted. Moreover, the
number of the aperture sections 10 A 1s preferably equal to the
number of pixels associated with each microlens 1n the image
pickup device 13 (in the embodiment, the number 1s 4).

Next, referring to FIGS. 3A and 3B, the specific configu-
ration of the microlens array 12 will be described below.
FIGS. 3A and 3B show plan views of the microlens array 12.

As shown 1n FIG. 3A, 1n the microlens array 12, a plurality
of microlenses 12-1 are two-dimensionally arranged 1n a
matrix form. The planar shapes of the microlenses 12-1 are
circular. Alternatively, as shown 1 FIG. 3B, square-shaped
microlenses 12-2 may be two-dimensionally arranged. More-
over, such microlenses 12-1 and 12-2 are made of, for
example, liquid crystal lenses, liquid lenses, diffractive lenses
and the like.

Further, 2x2=4 pixels P (1our pixels P) of the image pickup
device 13 are associated with one microlens, and are the
resolution 1n an arbitrary field of view in the embodiment, so
an 1mage in four fields of view in total 1s able to be obtained.
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On the other hand, the microlens array 12 includes a number
of microlenses determined by dividing the number of pixels
of the whole 1image pickup device 13 by four, and the number
of microlenses 1s the number of pixels 1n the reproduced
image 1n the embodiment. In the following description, a
circular microlens array shown in FIG. 3A, which 1s two-
dimensionally arranged, 1s used as the microlens array 12.

Next, the functions and effects of the 1image pickup appa-
ratus 1 according to the embodiment will be described below
by reterring to FIGS. 1 to 4, 10 and 11. FIG. 10 shows a
light-sensing region in the 1mage pickup device 13 1n the
embodiment; and FIG. 11 shows a state in which during
image processing, a predetermined region 1s extracted from
the light-sensing region shown 1n FIG. 10.

At first, the basic functions of the 1image pickup apparatus
1 will be described below referring to FIGS. 1 to 4. In the
image pickup apparatus 1, an 1image of the object 2 by the
image pickup lens 11 1s formed on the microlens array 12.
Then, an incident light ray to the microlens array 12 1is
received by the image pickup device 13 through the microlens
array 12. At this time, the incident light ray to the microlens
array 12 1s recerved 1n a different position of the image pickup
device 13 according to the incident direction of the mncident
light ray.

Here, light recerved by the image pickup device 13 will be
described below by referring to FIG. 4. As shown 1n FIG. 4,
assuming that a rectangular coordinate system (u, v) 1s
defined on an 1mage pickup lens plane of the image pickup
lens 11, arectangular coordinate system (X, v) 1s defined on an
image pickup plane of the image pickup device 13, and a
distance between the 1image pickup lens plane of the image
pickup lens 11 and the image pickup plane of the image
pickup device131s F, a lightray L1 passing through the image
pickup lens 11 and the image pickup device 13, as shown in
the drawing, 1s represented by a four-dimensional function
L-(X,v,u,v),sothelightray L1 1n a state in which, in addition
to information about the position of the light ray, the traveling,
direction of the light ray 1s kept 1s stored in the image pickup
device 13. In other words, the incident direction of the light
ray 1s determined by the arrangement of a plurality of pixels
associated with each microlens.

When light 1s recerved by the image pickup device 13 in
such a manner, in response to the driving operation by the
image pickup device driving section 15, an 1mage pickup data
1s obtained from the 1image pickup device 13, and the image
pickup data 1s inputted into the image processing section 14.
The 1mage processing section 14 performs predetermined
image processing on the image pickup data in response to the
control of the control section 16, and thereby the reproduced
image 1s outputted according to the image pickup data Dout.

Next, characteristic functions of the 1mage pickup appara-
tus 1 will be described by referring to FIGS. 10 and 11 in
comparison with an 1image pickup apparatus 1n a related art
shown 1n FIGS. 5 to 9A and 9B. FIG. 5 shows a schematic
view ol the 1image pickup apparatus using an aperture stop in
the related art; FIG. 6 shows a light-sensing region of an
image pickup device 1n the case where the image pickup
apparatus shown 1n FIG. 5 1s used; FIG. 7 shows an image
actually obtained in the image pickup apparatus shown 1n
FIG. §; and FIGS. 8, 9A and 9B show a light-sensing region
in the case where the number of pixels associated with each
microlens 1s reduced through the use of the aperture stop in
the related art.

As shown 1n FIG. 5, the image pickup apparatus 1n the
related art includes an 1mage pickup lens 110 including an
aperture stop 100, a microlens array 120 and an 1image pickup
device 130 1n order from a side closer to the object 2, and the
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6

aperture stop 100 includes one circular aperture section 100 A
in 1ts central part. Therefore, as described above, all light rays
passing through the aperture stop 100A keep information
about the traveling direction.

Therefore, 1n the configuration in the related art, as shown
in FI1G. 6, light is received 1n a light-sensing region 130-1 with
a circular shape formed by projecting the circular shape of the
aperture stop. Moreover, 1n the image pickup device 130, one
microlens 1s associated with a region where 15x135=2235 pix-
els P are arranged. Further, as described above, the incident
direction of the light ray 1s determined by the positions of the
pixels P associated with each microlens. Therefore, after the
output of one pixel P where an 1mage 1s formed in the same
position 1s extracted 1n each microlens, the extracted outputs
are combined. Thereby, for example, a reproduced 1image 1n
one direction, as shown in FIG. 7, 1s obtained. A region (a
reproduction pixel region 130D) where the pixels P associ-
ated with each microlens are arranged corresponds to one
pixel of the reproduced image.

Therefore, 1n the case where the number of pixels of the
image pickup device 13 1s fixed, the smaller the number of
pixels associated with each microlens 1s, the larger the num-
ber of pixels 1 the reproduced image becomes, and the higher
the resolution becomes.

As shown 1n FIG. 8, the case where the number of micro-
lenses 1s increased through the use of the aperture stop 1n the
related art to set the number of pixels associated with each
microlens to 2x2=4 will be considered. In this case, as shown
in FIG. 9A, 1n an extracted pixel P10, 1ts light-sensing region
has the shape of a sector. At this time, as shown in FI1G. 9B, the
traveling directions of light rays received in a region 132A
around an arc part and a region around an apex angle are
different from each other. In the light-sensing region 130-1 of
one extracted pixel P10, the dispersion of the traveling direc-
tion of a light ray received 1s increased, so 1t 1s difficult to
obtain information about a light ray 1n a desired traveling
direction. Therefore, 1n the case where an 1mage 1s repro-
duced by combining the extracted pixels P10, when the num-
ber of pixels associated with each microlens 1s reduced, 1t
becomes possible to increase the number of pixels in the
reproduced 1image, but the image quality declines.

On the other hand, 1n the embodiment, the aperture stop 10
includes four aperture sections 10A rotation-symmetrically
arranged with respect to each other, so as shown 1n FIG. 10, on
the 1image pickup device 13, four light-sensing regions 13-1
corresponding to four aperture sections 10A are formed 1n a
region where pixels associated with each microlens are
arranged (the reproduction pixel region 13D). Moreover, the
number of pixels P associated with each microlens 1s equal to
the number of aperture sections 10A, that 1s, 4 (2x2).

In such a configuration, as shown 1n FIG. 11, 1n the light-
sensing region 13-1 1n one extracted pixel P1, compared to the
light-sensing region 130-1 shown 1 FIGS. 9A and 9B, a
luminous flux entering mto the image pickup device 13 is
narrowed, so only a light ray of which the traveling direction
1s limited passes through the aperture section 10A. Therelore,
information about a lightray 1n a desired traveling direction in
one extracted pixel P 1s obtained easily.

Moreover, a plurality of aperture sections 10 A are arranged
in a region on a circumierence side of the aperture stop 10, so
information about a light ray 1n a field of view having a larger
angle with respect to a front direction 1s able to be obtained.

As described above, 1n the embodiment, when four aper-
ture sections 10A are arranged 1n the aperture stop 10, the
luminous flux entering into the image pickup device 13 1is
narrowed, and even 1n the case where the number of pixels
associated with each microlens is reduced, information about




US 8,130,310 B2

7

a light ray 1n a desired direction 1n each pixel P 1s obtained
casily. Therefore, without a decline in 1mage quality, 1t
becomes possible to increase the number of pixels 1n the
reproduced 1mage.

Moreover, the above-described image pickup apparatus 1
1s applicable to a digital still camera 3 as shown 1n FIGS. 12A
and 12B. FIGS. 12A and 12B show schematic views of the
digital still camera 3, and FIG. 12A shows a front view and
FIG. 12B shows a side view. The digital still camera 3
includes the 1image pickup apparatus 1 1n an enclosure 300,
and a shutter 17, a tlash 18, a finder optical system 19 and the
like are arranged on the enclosure 300. Further, the image
pickup apparatus 1 1s applicable to a position sensor, a bio-
sensor, an optical microscope and the like 1n addition to such
a camera.

Next, modifications of the invention will be described
below.

Modification 1

FIGS. 13A and 13B show plan views of color filters 20 and
21 according to a modification 1 of the invention. The color
filters 20 and 21 each are arranged on a light-sensing plane of
the image pickup device 13 to allow a picked-up color image
to be displayed.

In FIG. 13A, the color filter 20 has a configuration 1n which
cach region 12D corresponding to a microlens, that 1s, each
arrangement of 2x2 pixels, 1s color-coded. Moreover, as a
color arrangement, a configuration (arrangement A) 1n which
the ratio of three primary color filters, that 1s, filters ofred (R),
green () and blue (B), 1s 1:2:1, and filters of green are
regularly arranged on the diagonal 1s able to be used. In FIG.
13B, the color filter 21 has a configuration 1n which each pixel
P 1s color-coded, and the same color arrangement (arrange-
ment B) as that of the above-described color filter 20 1s used.

Thus, 1n the invention, when the color filter in which each
predetermined pixel region 1s color-coded is arranged, it
becomes possible to display a color image. At this time, in
particular, as 1n the case of the color filter 20 shown 1n FIG.
13A, when each microlens-corresponding region 12D 1s
color-coded, unlike FIG. 13B, 1n the case where a pixel
arranged 1n the same position 1s extracted 1n each microlens to
synthesize an 1image from extracted pixels, the same color
arrangement 1s able to be established even after synthesizing
an 1mage. Therefore, compared to FIG. 13B, for example,
processing, such as color mterpolation, 1s easily performed.
Modification 2

FI1G. 14 shows a schematic plan view of an aperture stop 22
according to a modification 2 of the invention. The aperture
stop 22 includes four rectangular aperture sections 22A.
Moreover, the aperture sections 22A are rotation-symmetri-
cally arranged with respect to each other on the circumierence
side of the aperture stop 22. As long as a plurality of aperture
sections have the same shape, the shape of the aperture sec-
tions 1s not limited to the above-described circular shape and
may have a polygonal shape.

Modification 3

FIG. 15 shows a schematic plan view of an aperture stop 23
according to a modification 3 of the invention. Moreover,
FIG. 16 shows a light-sensing region of an 1mage pickup
device 1n the case where the aperture stop 23 i1s used; and
FIGS. 17A and 17B show the configuration of a color filter 1n
the case where the aperture stop 23 1s used. The aperture stop
23 1includes 8 circular aperture sections 23A. Further, the
aperture sections 23A are rotation-symmetrically arranged
with respect to each other on the circumierence side of the
aperture stop 23. Thereby, as shown 1n FIG. 16, on the image
pickup device 13, 8 light-sensing regions 13-2 corresponding,
to 8 aperture sections 23 A are formed 1n a region where pixels
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P associated with each microlens are arranged (a reproduc-
tion pixel region 25D). Further, the number of pixels P asso-
ciated with each microlens 1s 9 (3x3).

Moreover, 1n the case where a color image 1s displayed, as
shown 1 FIG. 17A, a color filter 26 in which each arrange-
ment of the pixels P associated with each microlens, that 1s,
cach pixel arrangement of 3x3 1s color-coded, may be
arranged, or as shown 1n FIG. 17B, a color filter 27 1n which
cach pixel P 1s color-coded may be arranged. However, as
shown 1n FIG. 17 A, when the color filter 26 1n which a region
corresponding to each microlens 1s color-coded 1s used,
unlike FI1G. 17B, 1n the case where a pixel 1s extracted in each
microlens to synthesize an 1image from extracted pixels, the
same arrangement 1s able to be established even 1n an 1mage
alter being synthesized, so compared to FIG. 17B, process-
ing, such as color interpolation, 1s easily performed.

One more aperture section 23A may be arranged 1n the
central part of the aperture stop 23 so that the number of
aperture sections 23A 15 9. In such a configuration, 1n addition
to a light ray 1n an arbitrary field of view, a light ray traveling
in a front direction 1s able to be obtained, so 1t becomes
possible to reproduce an 1image 1n a front direction. Therefore,
in the case where an 1mage 1n a front direction i1s necessary
depending on the application, aperture sections are preferably
arranged not only on the circumierence side but also 1n the
central part.

Although the present invention 1s described by referring to
the embodiment, the 1nvention 1s not limited to the embodi-
ment, and 1t may be modified variously. For example, in the
above-described embodiment, the image processing section
14 1s described as one component of the 1image pickup appa-
ratus 1; however, the 1mage processing section i1s not neces-
sarily arranged in the image pickup apparatus. More speciii-
cally, the 1mage processing section may be arranged 1n an
apparatus other than the image pickup apparatus, for
example, a PC (Personal Computer) or the like, and image
pickup data obtained 1n the 1image pickup apparatus may be
transierred to the PC to perform image processing on the
image pickup data 1n the PC.

Moreover, 1n the above-described embodiment, the case
where the number of the aperture sections 1n the aperture stop
and the number of pixels associated with each microlens are
equal to each other 1s described; however, the numbers are not
necessarily equal to each other, and they may be different
from each other.

Further, 1n the above-described embodiment, the aperture
stop 1s arranged on a side closer to an object (an 1ncident side)
of the image pickup lens; however, the invention 1s not limited
to this, and the aperture stop may be arranged on a side closer
to an 1image (an emission side) of the image pickup lens or in
the 1mage pickup lens.

Inthe above-described embodiment, the color filters of red,
green and blue are arranged at a ratio of 1:2:1, and the color
filters of green are arranged on the diagonal; however, the
invention 1s not limited to this case, and the color filters may
be arranged at any other ratio, or any other arrangement of the
color filters may be used.

It should be understood by those skilled i the art that
various modifications, combinations, subcombinations and
alterations may occur depending on design requirements and
other factors insolar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. An image pickup apparatus comprising:

an 1mage pickup lens section including an aperture stop,

the aperture stop including a plurality of aperture sec-
tions;




US 8,130,310 B2

9

an 1mage pickup device obtaining image pickup data on the
basis of light recerved; and
a microlens array section being arranged on the focal plane
of the image pickup lens section between the image
pickup lens and the 1image pickup device, and including
one microlens for a plurality of pixels of the image
pickup device;
wherein the number of the aperture section 1s equal to the
number of pixels associated with each microlens 1n the
image pickup device.
2. The image pickup apparatus according to claim 1, com-
prising;:
an 1mage processing section for performing predetermined
image processing on image pickup data obtained by the
image pickup device.
3. The mmage pickup apparatus according to claim 2,
wherein
after the image processing section extracts pixel data in the
same position 1n each pixel region corresponding to each
microlens from the image pickup data, the image pro-
cessing section synthesizes areproduced image from the
extracted pixel data.
4. The 1mage pickup apparatus according to claim 1,
wherein
the aperture stop has a circular shape, and
the plurality of aperture sections are arranged along the
circumierence of the aperture stop.
5. The mmage pickup apparatus according to claim 1,
wherein
the plurality of aperture sections are rotation-symmetri-
cally arranged with respect to each other about the center
point of the aperture stop.

6. The image pickup apparatus according to claim 1, com-
prising:
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a color filter on a light-sensing plane of the image pickup
device, the color filter in which each pixel region corre-
sponding to each microlens 1s color-coded.

7. The mmage pickup apparatus according to claim 1,

wherein the plurality of aperture sections are coplanar.

8. The image pickup apparatus according to claim 1,
wherein the plurality of aperture sections are arranged around
an outer portion of the aperture stop.

9. The mmage pickup apparatus according to claim 1,
wherein

the 1mage pickup device 1s configured to the obtain image
pickup data on the basis of light recerved through each
aperture of the plurality of aperture sections.

10. The image pickup apparatus according to claim 1,

wherein

the 1mage pickup lens section narrows a luminous flux
incident on the image pickup lens section concurrently
with each aperture of the plurality of aperture sections.

11. The image pickup apparatus according to claim 1,
wherein

the plurality of aperture sections include a first aperture
section and a second aperture section,

the plurality of pixels includes a first pixel and a second
pixel, and

the first pixel 1s configured to receive light corresponding
to the first aperture section and second pixel 1s config-
ured to receive light corresponding to the second aper-
ture section.

12. The image pickup apparatus according to claim 11,

wherein

the first pixel 1s configured to receive the light correspond-
ing to the first aperture section concurrently with the
second pixel recerving the light corresponding to the
second aperture section.
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